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o Improving data quality (Nd)
o Measurements in large matrices
o Y measurements with a Mo X-ray source






• Laboratory of Inorganic Chemistry (KULeuven, Belgium)
• Head: Prof. K. Binnemans
• Research activities
o Separation and purification of metals mainly by solvent extraction
o Critical metal recovery (e.g. NdFeB magnets, lamp phosphors)




• Ionic liquids (ILs) are organic salts that consist entirely out of ions and 
have traditionally a melting point below 100 °C
• Beneficial properties for extraction systems
o Negligible vapor pressure
o Non flammable





• Metal quantification by TXRF
• 3 x S2 PICOFOX (Bruker) 
with Mo X-ray source





• Salty water (salt = matrix!)
o “Organic” phase (not preferred)
• Volatile (toluene)
• Non-volatile (ionic liquid = matrix!)
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Equipment
• TXRF uses calibration factor (e.g. Nd vs Ga)
• We calibrate the TXRF once every year (about 30 elements in groups
of 4 or 5 elements)
• Anyone should get the most precise and accurate data
 need for a standard procedure
• By using standard solutions
• Accuracy Recovery rate (%), depends also on calibation factor
• Relative standard deviation, RSD (%)
𝑅𝑆𝐷 % =  
 𝑖=1
𝑁 (𝑥𝑖−  𝑥)
2
𝑁−1
 𝑥 × 100%
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Results
Improving data quality (Nd)
• Influence of measuring time (vs constant number of counts)
• 1 x 5 µL  containing 100 mg L-1 Ga and 100 mg L-1 Nd
• Average count rate: 8500 counts s-1
• RSD (%) calculated on 3 measurements







 TXRF2 series 1









Improving data quality (Nd)
• Rotation of sample
• 3 x 5 µL  containing 100 mg L-1 Ga and 100 mg L-1 Nd






Improving data quality (Nd)
• Optimal sample preparation procedure
o Drying time of 30 µL silicone oil (1%) in isopropanol 
• 5 x 10 samples  5 µL  containing 100 mg L-1 Ga and 100 mg L-1 Nd
o Droplet residue becomes smaller when drying longer


















Improving data quality (Nd)
• Optimal sample preparation procedure
o Sample volume (9 x 10 carriers at different times)
• 5 µL  containing 100 mg L-1 Ga and 100 mg L-1 Nd
• Measurement time: 300 seconds
o Decrease probably mainly due to the increased number of counts














Improving data quality (Nd)
• Optimal sample preparation procedure
o Drying time of sample: measured at specific time intervals.
• 3 carriers  5 µL  containing 100 mg L-1 Ga and 100 mg L-1 Nd
• tn = 0, 5, 10, 15, 30, 45, 60, 960 minutes (3 x 8 measurements)
o RSD values shown at tn calculated on tn-1, tn and tn+1

















No trend, however, one 
must be careful with
drying times that are too
short (see later)
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Improving data quality (Nd)
• Optimal sample preparation procedure
o Results obtained with optimized sample preparation procedure as 
function of the day and the operator
• 3 x 10 carriers  5 µL  containing 100 mg L-1 Ga and 100 mg L-1 Nd
• Calibration factor calculated based on average of the 30 measurements





Improving data quality (Nd)
• Linear calibration line?
• 100 mg L-1 Ga, changing Nd concentration
Conc. Gd Er Ni Pr Co
5 84 94 85 87 90
15 75 81 84 71 83
50 99 97 100 101 99
100 100 100 98 101 98
200 99 100 101 99 101
Recovery rates (%) of some
selected elements after calibration. 
Ga concentration =  100 mg L-1













Nd concentration mg L
-1
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Measurements in large matrices
• Optimal sample preparation procedure
o A matrix of other elements
o E.g. 100 ppm of Ga, Nd, Ni, As, In 
• 10 samples  RSDs for Nd between 3 and 10%  can be significant higher
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Measurements in large matrices
• Optimal sample preparation procedure
o Overlapping peaks (e.g. Pr, Nd and Ga), L lines of Pr disappear
below those of Nd  shoulders



















Measurements in large matrices
• Measurement in ionic liquids
o Cyphos® IL 101 chloride, 100 mg L-1 Ga , 100 mg L-1 Ln, 200 µL H2O 
and diluting with ethanol to 1 mL)















v% IL in ethanol/water
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Halide determination in solution
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• Most internal standards are acidic (HNO3)
• Gives volatile HX compounds in combination with dissolved halides
MXn + nHNO3  M(NO3)n + nHX
 HX evaporates during drying procedure
• Adding NH3 to acidic copper standard
• Cu(NO3)2 + 4NH3  Cu(NH3)4(NO3)2
• Stable standard in alkaline conditions























 Ideal calibration curve





 Alkaline standard made from acidic standard
Halide determination in solution
Uncontrollable
Vander Hoogerstraete, T., Jamar, S., Wellens, S., Binnemans, K. (2014). Analytical Chemistry, 86 (3), 1391-1394.
Vander Hoogerstraete, T., Jamar, S., Wellens, S., Binnemans, K. (2014). Analytical Chemistry, 86 (8), 3931-3938.
• Be careful in combination with metals (hydrolysis)
• Cl = light element  high RSD








• Cleaning of quartz carriers in teflon holders
• If solution completely evaporates increasing temperature
decomposition of teflon to HF  corrosion of quartz carriers
Expensive mistakes
.
• Cleaning of quartz carriers in teflon holders
• If solution completely evaporates increasing temperature




• Sample preparation is crucial for obtaining high quality data
• Significant matrix effects when using a standard with X-ray energies
that are not close to X-ray energies of the element of interest




• Prof. K. Binnemans
• Sofia Riano
